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[57] ABSTRACT

A heat storage apparatus includes a tank containing a
heat storage medium and having an upper region and a
lower region for holding the heat storage medium at
respective temperatures above and below atmospheric
temperature. To reduce heat losses and increase flexibil-
ity of use, an intermediate region having heat storage
medium is maintained in the tank between the upper and
lower regions at a temperature between the upper and
lower temperatures. The desired temperature of the
intermediate region 1s maintained by heating or cooling
its heat storage medium, for example by use of an other-
wise unused low-grade heat source.

13 Claims, 9 Drawing Sheets
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1
HEAT STORAGE APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

This invention relates to apparatus for and to a
method of heat storage and, in particular to a method
and apparatus in which bodies of heat storage medium
at respective high and low temperatures are held in a
tank with vertical separation due to their different den-
sities. Such an apparatus and method may be used for
example for bulk heat storage in a heating and cooling
system for at least one building or a district.

JP-A-2-263026 describes apparatus, which employs a
deep heat storage tank in an underground pit for storing
high-temperature water at an upper section and low-
temperature water at a lower section. A boundary float
with apparent specific gravity set at a value half way
between that of the hot and cold water is used to pre-
vent heat transfer at the boundary between the hot and
cold water.

JP-A-4-60325 describes heat storage using hot and
cold water in a deep heat storage tank in an under-
ground pit, storing in which high-temperature water
(40" C.) is stored at an upper section and low-tempera-
ture water (5° C.) is stored at a lower section. To main-
tain the respective volumes of the hot and cold water,
mixtures at 35° C. and 10° C., made by mixing hot water
from the upper section of the tank and cold water from
the lower section of the tank, are sent to a condenser
and an evaporator respectively, of a heat pump. No
float or other physical separator of the hot and cold
water bodies is employed.

It 1s believed that systems as described in these prior
art documents have not been built in practice. The oper-
ating costs of such systems increases when the volume
of heat demand exceeds the amount of heat storage and
creates a shortage of heat supply, for example, giving
rise 1o a need to start a new heat output device to meet
heat demand. This disadvantage particularly applies
when the stored cold water, e.g. at 5° C., is heated to
provide the needed hot water. Conversely, excess heat
storage 1s wasted when heat demand is smaller than the

amount of heat stored. Also, in the case of the system
disclosed in JP-A-4-60325, equal amounts of the system

disclosed 1n hot and cold water are produced, by opera-
tion of the heat pump.

Furthermore, in the arrangement of JP-A-4-60325,
hot water at the upper section of the tank and cold
water at the lower section of the tank are stored in
direct contact with each other. In this case, heat transfer
1s significant due to the large temperature difference,
thus lowering the heat storage efficiency. In other
words, heat loss occurs because the area of mixing of
hot water and cold water cannot be used.

A float system, such as shown in JP-A-2-263026, will
be likely to increase the construction and maintenance
COosts.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a heat
storage apparatus and method that has high heat storage
efficiency, can reduce heat losses and can cope with
fluctuations in heat demand.

The present invention provides a heat storage appara-
tus and method in which at least one intermediate re-
gion of a heat storage medium at a temperature interme-
diate between the temperatures of the hot region and
the cold region is provided. The temperature of this
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2

intermediate region is maintained by heating or cooling
it as required.

A first advantage provided by the invention is that
heat loss is reduced. The intermediate region separates
the hot and cold regions, avoiding their direct contact,
and thus reduces heat loss due to mixing of the regions
at different temperatures. Secondiy, the temperature
difference between the intermediate region and the
surroundings of the tank (e.g. ground or air) will be less
than for the upper and lower regions, so that heat loss
from the tank 1s reduced.

The invention can further provide a substantial ad-
vantage of a flexible response to heat load demand. For
this purpose, the heat storage medium from the interme-
diate temperature region may be heated or cooled, e.g.
to the temperature of the upper or lower region, and
then supplied to the upper and lower region or supplied
directly to the heat-load, e.g. a heat exchanger on the
load side. Heating or cooling means to carry out this
temperature transfer of the intermediate temperature
medium can be the same as, or different from, heating or
cooling means provided to maintain the temperature of
the upper or lower regions.

It 1s possible to respond promptly to fluctuations in
heat demand by performing heat supply through heat-
ing or cooling of an intermediate temperature heat stor-
age medium, thereby permitting reduction of the vol-
umes at high temperature and low temperature, reduc-
ing the overall volume of energy input, i.e. operating
COst.

It 1s a further significant advantage of the invention
that the temperature and volume of the intermediate
region can be adapted to particular heat load demand
conditions, and can be varied when the demand condi-
tions change, e.g. between summer and winter.

Another advantage of the invention is that the heat
requirements of the intermediate region (heating or
cooling to maintain the desired temperature) may be
met by an external source of heat (or cold) which may
otherwise be unused or wasted, e.g. a source which is
intermittently available or is of so-called low-grade

heat. Examples are described below. Low-grade heat is
available for example from an external medium which

has a temperature between those of the upper and lower
regions of the tank. Considerable economy in the opera-
tion can be achieved by this.

The heat storage medium may be, for example, water.

In referring here to atmospheric temperature, the
generally prevailing atmospheric temperature is in-
tended, which typically is in the range 10° to 30° C. and
of course varies, and it is intended to ignore the more
occasional atmospheric temperatures which may be
below the temperature of the cold lower region of the
tank (e.g. below 5° C.) or even above that of the hot
upper region of the tank. While it is not a requirement of
the mvention, typical temperatures of the cold region of
the tank are in the range 0° to 10° C. and typical of the
upper region of the tank are in the range 35° to 60° C,,
more preferably 40° to 55° C. There will usually be
some small temperature range in each region of the
tank.

In this specification, and depending on the context,
the expressions “heat™ and “heat source” may refer also
to “cool heat” and a source of “cool heat”, e.g. a heat
sink (such as the sea) or a heat pump removing thermal
cnergy.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described
by way of non-limitative examples with reference to the
accompanying drawings, in which: 5

FIG. 1is a diagram of a first bulk heat storage appara-
tus embodying the invention;

FIG. 2 1s a diagram of a second embodiment of the
invention, showing a typical temperature distribution in
the tank in winter; 10

FIG. 3 is a diagram of a third embodiment of the
mvention, showing a typical summer temperature distri-
bution;

FIG. 4 i1s a diagram of a fourth embodiment of the
invention; 15
FIG. § is a diagram of another embodiment, similar to
that of FIG. 4, and showing a temperature distribution

in the tank;

FIGS. 6 to 9 are diagrams showing respectively fur-
ther embodiments of the invention; and 20
FIG. 10 1s a diagram showing application of the in-

vention in a regional heating and cooling system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

‘The first exemplary embodiment of the present inven-
tion is shown diagrammatically in FIG. 1, which shows
a heat storage apparatus comprised of a large heat stor-
age tank 1 containing a heat storage medium 5, a heating
unit 2 for high-temperature heat storage, a heating unit 30
3 for intermediate-temperature heat storage, and a cool-
ing unit 4 for low-temperature heat storage. The tank 1
1s typically buried in the ground. The heat storage me-
dium 35 is in this case water. Pipes 21, 21! connect a top
region of the tank 1 to the heating unit 2 for transfer of 35
medium 5 to and from the unit 2. Similarly, pipes 31, 311
are for transfer of medium 5 of an intermediate region of
the tank to and from the heating unit 3, and pipes 4!, 411
are for transfer of medium 5 at a bottom region of the
tank to and from the cooling unit 4. Pipes 10 and 11 are 40
provided for sending intermediate-temperature heat
storage medium to the heating unit 2 and to the cooling
unit 4, respectively. The heating unit 2, heating unit 3
and cooling unit 4 act to maintain the desired tempera-
tures of the bodies of medium 5 at the upper, intermedi- 45
ate and lower regions of the tank as described below.

Heat storage medium 5 which is taken out via pipe 3!
from the vertically central intermediate region of the
heat storage tank 1 is heated to an intermediate tempera-
ture range between that of the high-temperature me- 50
dium and that of the low-temperature medium in the
unit 3 by heat exchange with fluid from an external heat
source 9 that has higher temperature than atmospheric
temperature. Pipes 9!, 91! transfer fluid between the
source 9 and the unit 3. After heating in the unit 3, the 55
medium 5 is returned to the tank 1 via pipe 3!1 at a
position higher than the position from which it was
taken. In the alternative case (see FIG. 3 below) of
cooling of the intermediate heat storage medium 5, the
medium which is taken out from the central region of 60
the tank 1 1s cooled to an intermediate temperature
range 1n the unit 3, which in this case acts as a cooling
unit, using the external source 9 which in this case has a
lower temperature than atmospheric temperature, i.e. is
a cool heat source, and then is returned at a position 65
lower than the position from which it was taken.

FIG. 1 also shows the load side of the apparatus. Via
pipes 6! and 611, the higher temperature medium 5 is

25

4

transferred to and from a heat exchanger 6 where 1t
heats a heat load medium transferred to and from a
heat-load or consumer device 8 via pipes 8! and 8!
Similarly, a cold heat load or consumer device 8A 1s
cooled by low-temperature medium through a heat
exchanger 7 connected by pipes 71, 7}! to the tank 1 and
pipes 8Al, 8All to the device 8A.

The structure of FIG. 1 enables simultaneous heat
storage of a body of high-temperature medium at an
upper region, a body of intermediate-temperature me-
dium at a middle region and a body of low-temperature
medium at a lower region of the same tank, with density
separation, and without the use of a float or other physi-
cal separator at the temperature boundartes. Further-
more, the intermediate-temperature medium can, as
required, be heated or cooled by sending it to the heat-
ing unit 2 for high-temperature heat storage and to the
cooling unit 4 for low-temperature heat storage via
pipes 10 and 11. Although the intermediate heat storage
medium 1itself is heated or cooled in this embodiment,
another heat supply medium can be heated or cooled by
using the intermediate-temperature heat storage me-
dium as a heat source or a cooling source.

The following is an explanation of an example of the
heat storage system of FIG. 1 in actual use as a heat
storage tank for general air conditioning and hot water
supply, with hot water at 50° C. and cold water at 5° C.
Water is used as the heat storage medium S.

First, the heat storage operation is explained. In the
winter season when heating demand is higher than cool-
ing demand, water as heat storage medium 5 is taken out
via pipe 3! from a level of the tank 1 lower than the
center and heated by the heating unit 3. This unit 3 may
be a heat pump, but preferably uses an otherwise unused
energy source 9 that has higher temperature than atmo-
spheric temperature, for example various energy
sources, such as a waste incineration plant, waste heat
from a subway rail system, waste heat from power ca-
bles and waste heat from fuel cells, as well as waste heat
from various other plants and sewage plants. The water
1s heated, for instance, from 25° C. to 35° C. A body of
35° C. hot water acts to store heat at the tank center,
since the water is returned via pipe 3!! to a level above
the tank center. Density differences ensure gravity sepa-
ration of the bodies of water. FIG. 2 illustrates this
process. |

By a corresponding process, in the summer season
when cooling demand is higher than heating demand,
an energy source that has a lower temperature than
atmospheric temperature, such as river water or sea
water, is used as an external cool heat source 9 to cool
the unit 3. Cool water at 15° C. now stores cool heat at
the tank center, due to cooling of the heat storage me-
dium S which is taken out from a level above the tank
center, cooled for instance from 25° C. to 15° C., and
returned to a level lower than the tank center. FIG. 3
tllustrates this process.

Further, heat is stored at an upper section of the tank
1 by using the heating unit 2 to heat the water to 50° C.
which is the temperature for hot heat use, while heat is
extracted at the lower section of the tank 1 by using the
cooling unit 4 to cool the water to 5° C., which is the
temperature for cool heat use.

Like the heating unit 3, the heating unit 2 and the
cooling unit 4 can be heat pumps or heat exchangers
using an external heat source, or may be conventional
heaters or coolers.
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In this way, storage of hot water at 50° C., intermedi-
ate-temperature water at 35° C. (15° C. in summer) and
cool water at 5° C. can be performed simultaneously in
the direction from top to bottom of the tank by using
the difference in density resulting from difference in
temperature.

FIG. 2 shows an embodiment similar to that of FIG.
1, with locations of the pipe connections specially
adapted for winter conditions, and shows graphically an
example of the temperature distribution inside the tank
when the winter heat storage described above is com-

10

pleted; while, FIG. 3 shows an embodiment similar to

that of FIG. 1 with pipe locations specially adapted for
summer conditions and shows an example of the tem-
perature distribution inside the tank when the summer
heat storage described above is completed. As shown
by FIG. 2 or FIG. 3, the percentage of hot heat storage
can be increased in winter and the percentage of cold
heat storage can be increased in summer by adjusting
the positions for extracting and returning the water in
winter and summer. Further, the temperature difference
between high-temperature water and intermediate-tem-
perature water, or between low-temperature water and
intermediate-temperature water can be reduced by
changing the temperature of intermediate-temperature
water in winter and summer, thereby reducing the flow
of heat energy through heat transfer. In FIGS. 2 and 3
the load side connections shown in FIG. 1 are omitted,
for clarity. |

Next, a heat release operation is described, with refer-
ence to FIG. 1.

During heat release, 50° C. hot water is taken out
from an upper region of the tank and hot heat is sup-
plied to the heat-load or consumer device 8 via the heat
exchanger 6. Similarly, 5° C. cold water is taken out
from a lower region of the tank and cold heat is supplied
to the consumer device 8A via the low-temperature
heat exchanger 7.

Further, in the event of a shortage of hot heat (e.g.
50° C.) in winter, hot heat can be supplied by extracting
water at the intermediate temperature (e.g. 35° C.)
through the pipe 10 and heating it to 50° C. in the heat-
ing unit 2. Similarly, in the event of a shortage of cold
heat (e.g. 5° C.) in summer, cold heat can be supplied by
extracting water at an intermediate temperature (e.g.
15° C.) through the pipe 11 and cooling it to 5° C. in the
cooling unit 4.

Thus, a heat storage system of the present invention
can effectively utilize an otherwise unused energy
source, which may be a low-grade energy source, and
performs heat storage of hot water (e.g. 50° C.) and cold
water (e.g. 5° C. ) at temperatures intended for use (e.g.
50° C. and 5° C,, respectively), as well as water in the
intermediate temperature range between the two (e.g.
35° C., 15° C.) within the same tank. It has superior
energy-saving properties and economic efficiency.

‘The body of medium § at intermediate temperature
stores heat at the tank center by using the difference in
density resulting from the difference in temperature to
prevent direct contact between hot water and cold
water at temperatures intended for use. Therefore, heat
storage efficiency is improved, because the temperature
difference which serves as the driving force for heat
transfer between the hot water and the cold water is
reduced. In addition, heat loss from the tank wall is
small in proportion to the storage being performed at an
intermediate temperature, which has a relatively small
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temperature difference with the ambient temperature
around the tank.

Further, flexible measures can be taken against fluctu-
ations in heat demand by using the heat storage medium
at an intermediate temperature as a heat source for heat
release. Accordingly, the operating cost can be reduced
as the heat storage volume of hot water and cold water
can be kept at 2 minimum level.

A float or other insulator is not employed in the tank,
to provide insulation, but if desired such a device may
be used.

Moreover, the economic efficiency of the system may
be further improved by using an electric heat pump as
the heating unit 2 and the cooling unit 4 in the heat
storage system of the present invention and by storing
heat through the use of inexpensive night-rate electric-
1ty.

Further embodiments of the invention will now be
described, with reference to other Figures, in which the
same reference numbers indicate corresponding parts,
which will not be described again except to explain
differences.

FIG. 4 shows an embodiment of the present invention
which is equipped with a heating unit 3A for intermedi-
ate-temperature heat storage connected by pipes 3Al,
3All 1o the tank using an external heat source 9A, con-
nected by pipes 9A1, 9A!l, which has a temperature
higher than atmospheric temperature. The construction
also has a cooling unit 3B for intermediate-temperature
heat storage, connected to the tank by pipes 3B], 3B11,
using an external heat source 9B of temperature lower
than atmospheric as a cooling source, connected by
pipes 9B!, 9B11. As described above, heat storage is
performed by heating or cooling to 35° C. or 15° C.
through the heating unit 3A and cooling unit 3B. An
example of temperature distribution inside the tank is
shown for the similar embodiment of ¥IG. 5, in which
some of the pipe locations on the tank 1 are adapted. As
m FIGS. 1 to 3, supply of hot heat and cold heat can be
adjusted simultaneously by heating the heat storage
medium at intermediate temperature (35° C.) through
the heating unit 2, or by cooling medium at 15° C.
through the cooling unit 4 according to fluctuations in
hot and cold heat demand.

FIG. 6 shows another embodiment of the present
mvention, in which the heat storage tank 1 has plural
openings installed for extracting and returning the heat
storage medium 3 and a plurality of temperature sensors
12 spaced i the tank depth direction for measuring
temperature in the tank. In effect, each of the lines 3A1,
3All}, 3Bl 3Bl of FIG. 4 is subdivided into three lines
connected to the tank 1 at different levels. In addition,
it 1s equipped with temperature distribution measure-
ment means 13 which obtains temperature distribution
in the tank 1 from the sensors 12, a heat source tempera-
ture measurement means 15 which has temperature
sensors 14 for measuring the temperature of external
heat sources 9A and 9B, and a heat storage position
determnation means 16 which determines suitable posi-
tions for extracting heat storage medium and returning
it to the heat storage tank according to the temperature
distribution inside the tank and the external heat source
temperatures that have been measured.

The temperature distribution measurement means 13
obtains the temperature distribution inside the tank
from the sensors 12 and outputs the results to the heat
storage position determination means 16 via line 18. The
heat source temperature measurement means 15 mea-
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sures the temperature of external heat sources 9A and
9B through the sensors 14 and outputs the measurement
results via line 17 to the position determination means
16.

The position determination means 16 determines the
water entry temperature so that this apparatus will be
operating most efficiently in accordance with mechani-
cal specifications of the heating unit 3A and a cooling
unit 3B (e.g. water entry temperature, hot heat source
temperature, cooling source temperature). Then it de-
termines the position of an extraction opening (pipe
3Al or 3B!) where the heat storage medium with the
closest temperature to the determined water entry tem-

perature exists. In addition, it determines the position of

a return opening (pipe 3A!l or 3B!1) where the heat
storage medrum with the closest temperature for heat-
Ing or cooling in the unit 3A or the unit 3B exists. It
outputs a valve control signal 19 so that the operation
will be performed at the selected extraction opening or
return opening and controls flow control valves 20 that
are installed in each extraction pipe and return pipe.

Incidentally, extraction openings or return openings
for the heat storage medium can either be installed in
numbers as shown in FIG. 6 or equivalent means may
be provided by inserting one or more movable pipes
from the top of the tank. Further, the tank temperature
sensors can be either a plurality of local temperature
measurement sensors such as thermocouples spaced
vertically, or continuous temperature measurement
means with an optical fiber cable.

FIG. 7 shows another embodiment of the present
invention. This is similar to the embodiment of FIG. 4
but the pipes 10 and 11 are absent and there are a plural-
ity of vertically spaced heat storage medium extraction
pipes 61, 6Al, 2Al, 2B1, 7A1, 7! and return pipes 611,
6A 11, TA1l 711 for heat release on the heat storage tank
1, a plurality of temperature sensors 12 which are
spaced over the tank depth, a tank temperature distribu-
tion measurement means 13 which obtains the tempera-
ture distribution inside the tank from the temperature
measured by the sensors 12, and a heat release position
determination means 21 which determines the medium
extraction openings and return openings during heat
release, from the measured temperature distribution and
the temperature and heat quantity that are being used by
the consumers.

The position determination means 21 receives infor-
mation via line 22 on temperature and heat quantity
being used by consumers and receives a temperature
distribution signal which is output from measurement
means 13 and determines the heat release temperature
and flow rate that are suitable for temperature and heat
quantity that are being used by the consumer. After
determining the position of the extraction opening
where the heat storage medium has a temperature clos-
est to the determined heat release temperature, the flow
rate control valves on each extraction piping are con-
trolled by outputting a valve control signal 23. The
pipes 61, 6Al, 7Al, 71 are connected directly to the heat
exchangers 6 and 7. On the other hand, the pipes 2Al
are connected to a heating unit 2A and the pipes 2B! to
a cooling unit 2B, so that the apparatus can overcome a
heat storage shortage by heating or cooling the inter-
mediate-temperature heat storage medium using the
heating unit 2A or the cooling unit 2B.

FIG. 8 shows an embodiment of the present invention
equipped with three heating units 3A-1, 3A-2, 3A-3, and
three cooling units 3B-1, 3B-2, 3B-3 having different
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specifications for intermediate-temperature heat stor-
age. There is a heat source temperature measurement
means 15 with sensors 14 for measuring the temperature
of external heat sources 9A and 9B. Selection means 24
determines which of the three heating units 3A or three
cooling units 3B is operated. Heat pumps, for instance,
can be used as such units with different specifications.

The selection means 24 receives via line 17 the tem-
perature of the external heat sources, 9A, 9B, such as
unused energy sources and selects the model that oper-
ates 1n the most efficient manner for heating or cooling
the heat storage medium to the predetermined tempera-
ture. The result of selection is output as a valve control
signal 24A which, in turn, controls flow rate valves 20
in the pipes to use the selected heating or cooling unit.

FIG. 9 shows an embodiment of the present invention
similar to those of FIGS. 4 and 5 with a demand fore-
cast means 27 for forecasting the future heat demand of
the consumers, a heat source heat quantity forecast
means 31 for forecasting the future heat quantity of an
external heat source, a heat storage/heat release plan-
ning means 33 for drafting a heat storage/heat release
plan from the results of demand forecast, and heat
source heat quantity forecast and a display unit 35
which displays this heat storage/heat release plan.

The demand forecast means 27 has the function of
incorporating consumer demand result data 25, atmo-
spheric information, such as temperature, humidity,
insulation and climate, and various information for de-
mand forecast 26, including status of activities unique to
the consumer, such as meetings, events and production
plan, and storing this information as a database. Based
on past accumulated information, statistical techniques,
such as regression analysis and a method of studying
demand trend through a neural network, may be used,
to obtain a demand forecast result 28 by forecasting heat
demand for the following day, on an hourly basis, for
instance.

‘The heat source heat quantity forecast means 31 has a
function of incorporating heat source temperature re-
sults data 29 of external heat sources, such as an unused
energy source, and various information for heat quan-
tity forecast 30, including atmospheric information and
phenomena unique to a heat source, and storing this
information as a database. Based on past accumulated
information, it forecasts future heat quantity fluctua-
tions of external heat sources 9A and 9B by using the
same method as a demand forecast means 27, outputs a
heat quantity forecast result 32.

A heat storage/heat release planning means 33 incor-
porates a demand forecast result 28 and a heat quantity
forecast result of external heat source 32 and determines
a heat storage/heat release plan, including a time and
temperature of heat storage/heat release, and an appara-
tus and a type of external heat source to be used to
minimize the cost of operation.

An example of an actual determining method is a
method for solving a combination optimization problem
In order to minimize or maximize the evaluation func-
tion that was determined through the use of a mathe-
matical planning method, such as linear programming
and dynamic planning (e.g. to minimize operating cost).

A detalled explanation concerning the method of
operation planning for a heat source apparatus includ-
ing the heat storage tank is omitted here because it is
described in the “Optimization Plan for Cogeneration”
by Koichi Ito and Ryohei Yokoyama, published by
Sangyo Tosho, Inc.
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Following preparation, heat storage/heat release
plan results 34 are sent to a display unit 35, such as a
display screen at a monitor and control room and a
monitor screen for an operator, and are displayed as
operation guidance. Graphs indicating temperature 5
distribution inside the heat storage tank, the results of a
heat demand forecast and the changes in heat demand
results up to the present, as well as graphs on heat
source heat quantity forecast results and changes in heat
source heat quantity up to the present, are also dis-
played.

In addition to use as guidance for operators, opera-
tion planning results 34 can be converted into a control
signal for a heat source apparatus for on-line control of
the apparatus.

FIG. 10 shows an embodiment in which the heat
storage system of the present invention is applied to a
regional air conditioning system that supplies hot heat
and cool heat to be used for air conditioning, hot water
supply and factory utilities. The area supplied is divided
into four regions A, B, C and D, each having a heat
supply plant equipped with a heat storage apparatus
using a heat storage tank as discussed above, a boiler, a
heat pump, a freezer and a power generator. Also
shown within the region A are various types of consum-
ers, including office buildings, commercial buildings,
accommodation facilities, hospitals, factories, detached
housing and housing complexes. At the heat supply
plant, information unique to each consumer, such as the
number of room reservations at an accommodation
facility, an event schedule at a commercial building and
a production plan at a factory, is stored in a database in
addition to general information, such as demand results
and atmospheric information, for an hourly forecast of
the changes in heat demand on the following day by 35
using 2 method such as regression analysis and a method
of studying a demand trend through a neural network.

Meanwhile, a heat supply plant uses as its heat source,
and cooling source unused heat sources such as waste
heat from waste incineration, waste heat from subways,
waste heat from substations and heat held by rivers and
oceans.

Unused heat sources include those whose usable tem-
perature and heat quantity change depending on the
season, such as rivers and oceans, and those whose
usable time is limited to a certain period of time such as
waste heat from subways and waste incineration. Infor-
mation unique to a heat source, such as the volume of
waste processed, the type of waste and the operation
plan for waste heat from waste incineration, is stored in
a database in addition to general information, such as
past results of unused heat source temperature and heat
quantity and atmospheric information, for an hourly
forecast of temperature and heat quantity for each heat
source on the following day by using a heat source
temperature forecast unit.

The operation plan for the following day is prepared
based on the demand forecast results and heat source
temperature/heat quantity forecast results by using a
mathematical planning method and knowledge process-
ing to minimize the operating cost. The operation plan
results are converted into a control signal for a heat
source apparatus by the operation control unit.

Heat supply plants in respective regions are linked via
a telephone line or an information transmitting means
and via piping that can send and receive hot heat and
cold heat. It 1s also possible to mutually communicate
demand forecast results and heat source temperature/-
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heat quantity forecast results of other regions via infor-
mation transmitting means to draft heat storage/heat
release plans and plans for supplying heat to other re-
gions that are most efficient for Regions A through D as
a whole. |

While the invention has been illustrated by various
embodiments, it is not limited to these embodiments and
includes many other embodiments, variations and modi-
fications within its scope.

What is claimed 1s:

1. A heat storage apparatus comprising:

(a) a tank containing a heat storage medium and hav-
ing an upper region for hoiding a first body of said
heat storage medium at a first temperature above-
atmospheric temperature, a lower region for hold-
ing a second body of said heat storage medium at a
second temperature below atmospheric tempera-
ture and an intermediate region between said upper
and lower region for holding at least a third body
of said heat storage medium at a third temperature
between said first and second temperatures, with
said first, second and third bodies of heat store
medium being maintained as separated by their
respective densities;

(b) means for maintaining a desired temperature of at
least one of said first and second bodies of heat
storage medium comprising at least one of means
for heating the heat storage medium of said first
body and means for cooling the heat storage me-
dium of said second bodies:

(c) means for maintaining a desired temperature of
said third body of heat storage medium, selected
from means for heating said heat storage medium
of said third body and means for cooling said heat
storage medium of said third body; and

(d) at least one of means for transferring heat storage
medium from said intermediate region to said
upper region and for heating the heat storage me-
dium so transferred to said first temperature, and
means for transferring heat storage medium from
said intermediate region to said lower region and
for cooling heat storage medium so transferred to
said second temperature.

2. A heat storage apparatus according to claim 1,
wherein said means for maintaining a desired tempera-
ture of said third body comprises heat-exchanging
means for affecting heat exchange between said heat
storage medium and a further medium having a temper-
ature between said third temperature and one of said
first and second temperatures.

3. A heat storage apparatus according to claim 1,
having load-side heat exchanging mean for effecting
heat exchange between said heat storage medium at one
of said first and second temperatures and a heat-load
medium, and means for transferring said heat storage
medium from said intermediate region to said load-side
heat exchanging means, including temperature-chang-
ing means for changing the temperature of the heat
storage medium so transferred.

4. A heat storage apparatus according to claim 1
having means for measuring the temperature of said
heat storage medium at a plurality of locations at differ-
ent heights in said tank, means for extracting said heat
storage medium from said tank at a plurality of locations
at different heights of said tank and for effecting heat
exchange of said heat storage medium so extracted with
a heat-load medium, and means for selecting a location
for extraction of said heat storage medium from said
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tank in dependence on a heat-load demand on said heat
storage apparatus and measured temperatures in said
tank.

5. A heat storage apparatus according to claim 1,
wherein said heat transfer means comprises at least 1
heat transferred device for effecting heat exchange
between said heat storage medium and said external
medium, and means for selecting one of said heat trans-
fer devices in dependence on the temperature of said
external medium.

6. A heat storage apparatus according to claim 1,
wherein said means for maintaining said heat storage
medium at said intermediate temperature comprises
means for transferring heat between said heat storage
medium at said intermediate region and a plurality of
external heat sources, and said heat storage apparatus
further has means for forecasting at least one of heat
quantity and temperature of said external heat sources,
means for forecasting heat-load demand on said heat
storage apparatus, and means for establishing a heat
storage plan relating to heat storage temperature in said
tank, a time of heat exchange with said external heat
sources and a selection of said external heat sources for
heat exchange.

7. A heat storage apparatus according to claim 1
having means for forecasting future heat-load demand
on said heat storage apparatus and means for establish-
ing an operating plan for said heat storage apparatus
relating to a heat release quantity and time for said
upper and lower regions of said tank, a quantity and
time of temperature raising and lowering of heat storage
medium removed from said intermediate region, and a
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quantity and time of heat supply for maintaining said
intermediate temperature of said intermediate region.

8. A heat storage system having at least one heat
storage apparatus according to claim 1, and further
including means for establishing a plan for heat storage
and release therefor on the basis of a forecast heat-load
demand on said system:.

9. A method of heat storage, comprising the steps of
(a) holding in a tank upper, lower and intermediate
regions of a heat storage medium having respectively
upper, lower and intermediate temperatures, at which
said heat storage medium has different densities, (b)
extracting heat storage medium from said intermediate
region, changing its temperature and supplying it to at
least one of an external heat-load and one of said upper
and lower regions, and (c) maintaining said intermediate
temperature of said intermediate region by at least one
of heating and cooling said heat storage medium
therein. |

10. A method according to claim 9, wherein said step
(b) comprises heating said heat storage medium ex-
tracted from said intermediate region and supplying it
to said upper region.

11. A method according to claim 9, wherein said step
(b) comprises cooling said heat storage medium ex-
tracted from said intermediate region and supplying it
to said lower region.

12. A method according to claim 9, wherein said step
(c) comprises effecting heat exchange between said heat
storage medium of said intermediate region and an ex-
ternal medium. |

13. A method according to claim 12, wherein said
external medium has a temperature between said upper

temperature and said lower temperature.
x*x X * x *
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